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Abstract 
We report a photoresist-based microfluidic cell sorting system for genitourinary cancer based on photodynamic analysis of urine 
and its potential for a clinical application. In the system, genitourinary cancer cells in urine are detected using 5-aminolevulinic 
acid (ALA)-induced fluorescence, and then sorted and concentrated for the gene alteration analysis. In order to achieve sensitive 
fluorescence detection, autofluorescence in detection area was minimized by thinning photoresist membrane of the microchannel 
and inclining the optical angle of detection system. Our experimental results demonstrate that the ALA-based fluorescence 
detection assay using the proposed device is promising tool for early diagnosis of genitourinary cancers. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
There is increasing use of microfluidics for cancer cells separation and concentration, which is an unmet needs 
for early stage cancer diagnostics and clinical management, because there are several advantages in microfluidics 
based separation: reduced sample volumes and analysis time, high sensitivity, and low cost [1]. Currently, various 
types of microfluidic-based cancer cell sorter have been implemented, however they are not fully developed to 
match the clinical applications. In case of urothelial cancers such as bladder cancer, the conventional urine cytology 
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have certain limitations for early bladder cancer diagnosis due to a low sensitivity on cancer cells’ detection. Hence, 
there are strong demands for (1) a development of microfluidic fluorescence-activated cell sorter (μFACS) to realize 
a sensitive censer cells’ detection in urine and its separation for gene alteration analysis, and (2) a clinical tests 
demonstrating its potential for effective screening and subsequent detailed diagnosis of genitourinary cancers. 
Herein we first present a development of photoresist-based μFACS system for genitourinary cancer based on 
photodynamic diagnosis (PDD) [2] and its potential for a clinical application by urine. In the proposed μFACS 
system, genitourinary cancer cells in urine are detected using 5-aminolevulinic acid (ALA)-induced fluorescence, 
and then sorted at Y-junction for gene alteration analysis (Fig. 1). In order to achieve sensitive fluorescence 
detection in the photoresist-based microchannel, the autofluorescence in detection area was minimized by thinning 
photoresist membrane of the microchannel and inclining the optical angle of detection system. We discuss the 
performance of the μFACS system and its potential for early diagnosis of genitourinary cancers of captured cancer 
cells. 
             
Fig. 1. (a) Schematic illustration of the microfluidic cell sorting system and photograph of the system; (b) SEM image of the cross sectional 
microchannel. In this system, an off-chip pinch valve can sufficiently influence whether each cell is deflected left or right at the Y-junction. 
2. Materials and Methods 
2.1. ALA-induced fluorescence 
The method of ALA-induced fluorescence has been established with the aim of detecting flat and/or small lesions 
that are barely visible under white-light cystoscopy, leading to the decreased rate of tumor recurrence [2, 3]. The 
principle of this method is based on the metabolism of ALA; cancer cells readily incorporate exogenous ALA 
intracellularly and metabolize the ALA to protoporphyrin IX (PpIX), which accumulates within such cells and 
fluoresces at 635 nm when excited by wavelength of approximatively 400 nm [2]. Generally, after instilling 5-ALA 
into the urinary bladder for 1-2 h, cancer cells show a selective red fluorescence. The advantage of this method on 
gene alteration analysis is the very little damage to cancer cells. Although an analysis in a stream of fluid using 
conventional flow cytometry enables the quantitative measurement of accumulated PpIX, expensive equipment is 
required and cumbersome procedures are involved [3]. Compared to the conventional flow cytometry, the μFACS 
system is promising approach to improve sensitivity, specificity and cost-effectiveness. 
2.2. Diagnosis protocol and system 
The protocol for sorting cancer cells using the μFACS system has two primary screening steps, which speeds up 
diagnosis. The first screening is to determine whether or not the urine sample includes cancer cells, by means of a 
fluorescence spectrophotometer. Then, given the presence of cancer cells, the second screening sorts these cells. The 
protocol is as follow: (1) the sample was introduced in the microfluidic device. (2) A 405 nm wavelength laser 
illuminates the flowing cells. (3) The fluorescence intensity is measured by means of a photosensor module. In order 
to distinguish cancer cells according to their fluorescence intensity and control the timing of an open/close valve, the 
output signal is processed using a real-time recorder system. (4) When no signal peak or a relatively low peak is 
observed in response to cell illumination, the particular cell naturally flows to a waste outlet, since this channel is 
wider than the collection outlet channel. (5) When the measured fluorescence exceeds a set value of threshold 
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intensity, corresponding to the fluorescence level for cancerous cells, the off-chip pinch valve located in front of the 
waste outlet closes so that the detected cell will be shunted to the collection outlet. (6) Finally, the sorted fluorescent 
cells are subjected to polymerase chain reaction (PCR) treatment in preparation for gene alteration analysis.  
2.3. Autofluorescence of negative photoresist 
Sorting biological cells is frequently performed utilizing polymer (e.g., PMMA, PDMS, SU-8) based 
microfluidic devices. The negative thick-film photoresists (SU-8, TMMR) have potentials to develop low-cost 
biomedical device due to their chemical and biological compatibility. However they show significant 
autofluorescence, particularly when excited with UV (< 400 nm) and blue (400-500 nm) light [4], leading to 
deterioration of the signal-to-noise ratio (SNR) in ALA-induced fluorescence detection. In order to reduce the effect 
of photoresist fluorescence, we have reported several improvements in the SNR; the thinness of the photoresist 
membrane and the continuous laser illumination could reduce the effect of photoresist fluorescence on the SNR [5]. 
In this paper, in order to achieve the sensitive fluorescent detection, fluorescent detection part in microchannel 
was covered by thin photoresist membrane with 5 μm thickness which was directly fabricated by the moving-mask 
UV lithography [6], and the membrane was illuminated for a period of time prior to the experiments. Furthermore, 
the excitation beam was focused on the inclined microchannel as shown in Fig. 2 to eliminate a background noise 
(i.e., interference from scattered excitation beam and refraction light generated from microchannel [7]). 
 
                    
 
 
3. Experiment and Results  
3.1. Effect of tilt angle on the sensitivity 
Figure 3 shows the fluorescence intensity of the photoresist induced by the 405 nm laser illumination, i.e., noise 
level during fluorescent cancer cell detection. The average fluorescence intensity of a 5 μm layer (i.e., the thickness 
of the membrane covering the fabricated microchannel) was a little less than half that of the 60 μm layers. In 
addition, the amplitude of background noise from the thin photoresist membrane was also lower than that of the 
thicker layers. Furthermore, the effect of inclined angle on the detection sensitivity reveals that the thin photoresist 
membrane and inclination enabled to improve the detection sensitivity of photoresist-based microfluidics and fulfill 
the minimum requirement for cancer cells sorting (Fig. 4). 
3.2. Isolation efficiency of cultured cancer cells (PC-3) 
The aim of this experiment is to isolate and capture PC-3 cancer cells from the polystyrene beads (non-
fluorescent 20-μm diameter beads) that mimic normal cells, and to quantify isolation efficiency of the proposed 
μFACS system. The ideal 100% isolation efficiency means that only cancer cells are collected and completely 
isolated from polystyrene beads. The initial percentages of PC-3 and the sorting results after two hours of operation 
are summarized in Table 1. The experimental result indicates that the purity increased to 74% from an initial 
Fig 2. Schematic illustration of the setup 
with small tilt angle. 
Fig 3. Measurements of laser-induced 
fluorescence intensity for different thickness. 
Fig 4. The effect of tilt angle on the 
sensitivity. The w/o improvements indicate 
thick photoresist membrane and tilt angle 
at 0 deg.  
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concentration of 50%, given a throughput of 3.5 particles/sec. These results indicate that the system can 
appropriately sort and concentrate cancer cells based on their fluorescence, following the PDD concept. 
3.3. Clinical test by urine sample from cancer patient 
In order to evaluate a capability for genitourinary cancers, urine samples from bladder cancer patients were 
implemented with the analysis of proportion of tumor-derived DNA in the sample, i.e., tumor cellularity, estimated 
from loss of heterozygosity (LOH) [8]. Table 2 summarized the results of DNA analysis and the determined tumor 
cellularity. The obtained tumor cellularity of 43.1% after the sorting step by the microfluidics was over the cutoff 
value (20%) for being interpreted as the positive reaction. On the other hand, the same urine sample without the 
sorting showed the false-negative reaction due to the low concentration of cancer cells. These clinical outcomes 
successfully demonstrated the ALA-based fluorescence detection assay using the μFACS system is promising tool 
for the management of bladder cancer. 
Table 1. The isolation efficiency using a mixture of 
polystyrene particles and cultured PC-3 cancer cells. 
 Test sample  Collection outlet   Normal After sorting W/O sorting 
All particles 27000 2700  G 49.2 % 62.8 % 46.8 % 
Cancer cells 13500 2000  T 50.8 % 37.2 % 53.2 % 
Polystyrene beads 4500 600  Tumor cellularity - 43.1 % 8.37 % 
Cancer cells ratio 
(isolation efficiency) 
50 % 74 %  Diagnosis - Positive 
reaction 
False-negative 
Reaction 
4. Conclusions 
In this paper, we proposed the μFACS system that follows PDD concepts, for the detection of genitourinary 
cancer cells using ALA-induced PpIX fluorescence. Our experimental results using urine indicated that the 
developed system separates and concentrates cancer cells based on their fluorescence, and the potential for early 
diagnosis of genitourinary cancers. On-going research is further optimization of the microchannel design towards 
achieving higher capture efficiency, and further clinical tests are also required to consolidate the clinical usefulness. 
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